is consistent with intrinsically unpolarized emission scattered by Galactic dust, suggesting a symmetric geometry of the emitting region and low inclination of the merger system. Stringent upper limits to the polarization degree from 2.45 -9.48 days post-burst are consistent with the lanthanides-rich macronova interpretation.
The search for the optical counterpart to GW 170817 11 quickly allowed the discovery of the possible counterpart, named AT2017gfo (also known as SSS17a), in the outskirts of the elliptical galaxy NGC4993 at about 40 Mpc 14 . Spectroscopic observations showed that this source was highly unusual and likely associated with the GW event and a short GRB 16 . Only a few possible detections of macronova emission have been reported in the literature, all by analyzing the temporal and spectral evolution of the afterglows of on-axis short GRBs [17] [18] [19] [20] . GRB 170817A is intrinsically the weakest short GRB detected so far, which may be a regular short GRB but viewed from an off-axis orientation. The off-axis scenario is also helpful in reconciling the probability of GW/GRB association for this event 21, 22 . Therefore SSS17a offers the unique opportunity to study a macronova emission plausibly not polluted by the GRB emission. The combination of a likely off-axis jet and the potential ability of LIGO/Virgo data to constrain the merger geometry and orientation, gave great urgency to a polarimetric measurement of the symmetry and orientation of the optical emission region(s) post-merger. Measuring the degree of polarization of the electromagnetic emission provides unique constraints on the geometry of the system and the properties of any incipient magnetic fields 23, 24 .
Our linear polarimetry campaign consisted of a set of five observations carried out with the Table 2 ). The Stokes parameters for optical transient and nearby field stars for the first four epochs are shown in Figure 1 . Over the duration of our campaign, the transient showed a degree of linear polarization and position angle fully consistent with that shown by stars in the field, whose polarization is induced by dust in our Galaxy. This implies that the macronova emission is essentially unpolarized at a level driven by the photometric uncertainties and the spread of polarization shown by field stars, i.e. 0.4-0.5%.
GW 170817 originated in the coalescence of two NSs 11 . Numerical simulations show that these events can eject a small part of the original system into the interstellar medium 3, 25, 26 and also form a centrifugally supported disk that is quickly dispersed in space with a neutron-rich wind 7 .
These two different ejection mechanisms are characterized by material of differing composition.
The outflows from the disk are likely lanthanide-free since the synthesis of heavier elements is suppressed by the high temperature 8 , while the surface material is the site of an intense r-process nucleosythesis, producing heavy elements. In both cases the spectrum should be close to a blackbody, peaking in the optical in the disk-wind case and in the infrared for the lanthanide-rich mate-rial due to its very large opacity 8, 9 . Ejecta should flow out anisotropically around the orbital plane of the system and outflows in the polar region can be produced by a strong shock driven by the merger and by processes such as viscous heating and magnetic effects in the disk 27 . Anisotropies induced by electron scattering can then produce some polarization 28 . As pointed out by 27 , in case of high optical depth to electron scattering (∼ 1) and assuming spectral lines do not significantly depolarize the global emission, the linear polarization observed from the equatorial plane could be as high as a few percent. It depends, as is the case of supernovae (SNe), on the degree of asymmetry of the photosphere. However, with respect to the SN case, if the ejecta are mainly composed by r-process elements the ionization degree will not be particularly high 7, 29 and the number density of free electrons proportionally lower. With typical parameters the electron scattering opacity will be lower than the total opacity (κ ∼ 10 2 cm 2 g −1 ) by three orders of magnitudes, and then the expected linear polarization is reduced than in the electron-scattering dominant case by a similar factor 28 .
The emission from the wind could instead have a different composition and be more similar to typical SN ejecta. A blue component was identified in the spectra of AT2017gfo 16 , and it showed a more rapid evolution than the redder component. The emission from the lanthaniderich material is not expected to display any detectable linear polarization, but the situation can be significantly different for the early emission phase that is dominated by the lanthanide-free material, for which the temperature is higher (so is the ionization degree) and the electron scattering optical depth is ∼ 1. Assuming that at our first epoch the blue component was at least as important as the lanthanide-rich emission, we can derive an upper limit of ∼ 1% on the polarization of the lanthanide-free component. The low gamma-ray luminosity of GRB 170817A 12, 13 , in spite of being located in the local Universe, seems to indicate that it is an off-axis event, although the possiblity of a peculiarly weak event cannot be ruled out. A natural prediction of off-axis scenario is that, following the deceleration of the outflow, the afterglow emission will be visible for the observer at very late times 2 . Though the off-axis afterglow emission could be linearly polarized 30 , during our polarimetric observations there is no evidence for such a component in the optical bands 16 . The absence of polarization in our late-time optical data is therefore quite natural, while at earlier times the limits on the polarization of the lanthanide-free component are still within the allowed possibilities since the actual polarization fraction depends also on the degree of asymmetry of the outflows. Things could have been different in case of a NS/black-hole merging, since the ejecta are expected to be much more anisotropic than in the NS/NS case 15, 28 .
Our non-detection of linear polarization unambiguously due to a macronova emission up to very stringent limits is thus consistent with the theoretical expectations 28 for this category of sources. It also strengthens the identification of AT2017gfo with a macronova resulting from a NS/NS coalescence associated with a short GRB and a GW event and indirectly confirms that these sources are site of r-process production. If these events are fairly common even in the local Universe 22 , it is likely that in the near future more macronovae will be observed enabling exploration of a variety of merging conditions and system parameters such as viewing angle, mass ratio, possible off-axis afterglow, etc. A spectro-polarimetric coverage that tracks the evolution of the phenomenon will shed light on possible deviations from the main expectations that are inaccessible with other techniques.
Methods
Our target, AT2017gfo, is the optical counterpart of the first GW signal detected by the Advanced LIGO and Virgo network 31, 32 from the merger of a binary system of neutron stars, GW 170817.
Data were in general of excellent quality and were reduced following standard recipes, i.e. frames were bias-corrected and flat fielded and bad pixels flagged. Photometric analysis was carried out with standard aperture photometry. An additional complication arose since the target is located in the outskirts (at ∼ 10 arcsec) of the bright galaxy NGC 4993 and for the latest epochs the galaxy light was comparable or more intense than the SSS17a brightness. We therefore modeled the ex- plate. This technique allows us to remove any differences between the two optical paths (ordinary and extraordinary ray) including effects of seeing and airmass changes. It is also possible to estimate the polarization introduced by galactic interstellar grains along the line of sight by studying the polarization of a large number of stars in the same detector area of the target to avoid a possible dependence of the instrumental polarization on the field of view position. The optical extinction in our Galaxy is A V ∼ 0.3 mag, and there is negligible extinction in the host galaxy 16 . This implies that dust-induced polarization up to almost 1% would be possible 33 , although these are only statistical estimates and large variations on the main trend may be expected. The weighted average polarization shown by a set of stars nearby the transient turned out to be P ∼ 0.35% with a position angle P A ∼ 56
• . Polarization is a positive quantity and at low signal to noise suffers from a statistical bias that was properly corrected 34 . The last observation in the z-band did not allow us to derive constraining results because of the increasing difficulties due to the fading of the counterpart and the rapidly reducing visibility window. With the same setup we also observed polarized and unpolarized standard stars to convert position angles from the telescope to the celestial reference frame, and to correct for the small instrumental polarization introduced by the telescope. More details about imaging polarimetric data analysis can be found in, e.g. 35 .
The data that support the plots within this paper and other findings of this study are available from the corresponding author upon reasonable request. Table 2 . The polarization of AT2017gfo (circles) is essentially indistinguishable from that shown by field stars (blue stars). Errors are at 1σ. The Stokes parameters are a set of four parameters that describe the full polarization state of electromagnetic radiation. Q measures the difference between radiation intensity in the horizontal and the vertical direction of a given reference frame; U measures the difference between directions inclined by 45
• and 135
• with respect to the reference frame. I is the total intensity of the radiation. Together, Q and U therefore give the amplitude and angle of the linearly polarized component of the received intensity. 
